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We developed the fully automatic permeameter which is made of driving plates and shielded loop
coil available in 1 MHz–3GHz. We clarified the sensitivity of the permeameter and the sensitivity
can be explained by an uncertainty of network analyzer. We evaluate the permeability of striped
CoNbZr films ~50, 20, 10 mm wide!. A reasonable relation between permeability spectrum and
domain observations can be demonstrated. © 2000 American Institute of Physics.
@S0021-8979~00!91608-6#I. INTRODUCTION
There is an increased demand for automatic and accurate
evaluation of low permeance such as high electrical resistiv-
ity films, magnetoresistance films, or micropatterning films
up to the gigahertz range. However it is difficult to measure
such low permeability films accurately because of the signal
to noise problem.
A transmission line permeameter is the most popular in
the gigahertz range.1,2 However the waveguide methods have
some difficulties in evaluating thin films or narrow films be-
cause of the low signal to noise ratio. Compared with the
conventional method using transmission line methods, the
figure-eight coil method,3 or the method in Ref. 4 have pri-
mary advantage in good signal to noise ratio. However their
application is limited to relatively low frequencies ~up to
several hundred megahertz! due to the resonance frequency
of the jig and the electric field response.
We developed the permeameter, which consists of driv-
ing plates and a shielded loop coil. This construction resulted
in broad bandwidth measurements from 1 MHz to 3 GHz.5,6
The proposed method has a similarly good signal to noise
ratio as the figure-eight coil method. There is a little discus-
sion about the sensitivity of the proposed permeameter. In
this article, we clarify the sensitivity of the permeameter, and
we measure and evaluate the permeability of striped films.
II. FULLY AUTOMATIC PERMEAMETER
Figure 1 shows a photograph of the measurement setup.
The instrument is based on our thin film permeameter, com-
posed of a parallel plate driving sheets and shielded loop
coil, as shown in Fig. 2, Helmholtz coil, power supply, and a
personal computer. All the signal detection, calibration for
absolute permeability, and monitoring is automatically oper-
ated by a personal computer. In order to make automatic
measurements we performed extensive research on ~1! auto-
matic calibration procedure, ~2! the external field interfer-
ence between the electric equipment and the jig, ~3! the noise
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holtz coil, and ~5! the construction using nonmagnetic mate-
rial.
III. SENSITIVITY OF THE PERMEAMETER
Figure 3 shows the real part of permeability for CoNbZr
film ~0.37 mm thick, 5 mm wide! and for several dc fields
applied along to easy axis. The measurements were per-
formed with HP8753B. The IF bandwidth of network ana-
lyzer was 100 Hz. The permeability decreased and the ferro-
magnetic resonance frequency increased while increase of
the applied dc field. The measured permeability could be
fitted with permeability calculated from the LLG equation
and eddy current generation.7 The real part was almost con-
stant for frequencies under 100 MHz, however large varia-
tion was observed as frequency decreased.
To analyze the sensitivity of the permeameter we con-
sidered the response of a shielded loop coil, and the back-
ground noise and the sensitivity of a network analyzer. The
amplitude of the induced voltage in the shielded loop coil
was proportional to frequency, and observed phase differ-
ence was about 90° under GHz. Therefore the output voltage
was mainly obtained by flux through the shielded loop coil.
Background noise induced by the shielded loop coil was ob-
FIG. 1. System setup of the permeameter.8 © 2000 American Institute of Physics
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Downserved to be under 2100 dB m, a level negligibly small as
compared with the output voltage of the shielded loop coil.
Figure 4 shows the relation between the sensitivity of
permeance (mrtm) and frequency using the permeameter.
The symbols obtained for the output voltage variation were
over 3 dB of the constant level of permeability shown in Fig.
3. The solid line was calculated from Eq. ~1!, which has
taken into account the uncertainty of the network analyzer.8
The voltage in Eq. ~1! is given by Eqs. ~2! and ~3!,
d5
Vs2Vo
Vo
5
tmdm~mr21 !
Sc
, ~1!
Vs5moHv~Sc2tmdm!1mrmoHvtmdm , ~2!
Vo5moHvSc , ~3!
where d is the uncertainty of the network analyzer, Vs is the
output voltage with sample, Vo is the output voltage of the
background, tm is the film thickness, dm is the film width,
and Sc is the cross area of the pickup coil. The uncertainty d
is defined as limitation which network analyzer discriminates
between Vs and Vo . In low frequency permeability cannot
be measured accurately because the difference between Vs
and Vo cannot be recognized. The symbols and solid line
show that the measurements of lower permeance need higher
FIG. 2. Schematic view of the jig.
FIG. 3. Permeability spectrum of CoNbZr film ~0.37 mm thick!.loaded 30 Aug 2011 to 130.34.134.250. Redistribution subject to AIP lifrequency. Measured values represented by open symbols
nearly corresponded to theoretical sensitivity. The sensitivity
of the permeameter can be determined by the uncertainty of
amplitude and phase difference of the network analyzer. The
results in Fig. 4 suggest that we need to reduce Vo in Eq. ~1!
in order to measure lower permeance films accurately.
IV. PERMEABILITY OF STRIPED FILMS
To reduce output voltage of the background, we mini-
mized the loop size of the shielded loop coil using the
FIG. 4. Relation between sensitivity and frequency.
FIG. 5. Measured permeability of striped films: ~a! 20 mm wide, ~b! 10 mm
wide.cense or copyright; see http://jap.aip.org/about/rights_and_permissions
6000 J. Appl. Phys., Vol. 87, No. 9, 1 May 2000 Yabukami et al.
Downprinted circuit board fabrication technique. We fabricated the
shielded loop coil whose loop aperture was 131 mm. Figure
5 shows the results of the permeability measurements of
striped films ~CoNbZr 0.5 mm thick/Cr: 10 nm thick/CoNbZr
0.5 mm thick, 1 nm length!. Figure 5~a! shows the perme-
ability of a 20 mm-wide film, ~b! of a 10 mm-wide film. The
striped films were micropatterned by ion milling and the easy
axis was induced along the width direction by annealing in
FIG. 6. Magnetic domain structure using bitter method: ~a! 20 mm wide, ~b!
10 mm wide.loaded 30 Aug 2011 to 130.34.134.250. Redistribution subject to AIP lidc field. The permeability was measured along the longitu-
dinal direction. Solid lines show calculated permeability
from the LLG equation, and eddy current generation.7 Mea-
sured values in Fig. 5~a! nearly agree with the theoretical
values. These results show that 20 mm-wide films have an
uniaxial anisotropy. On the other hand, the measured perme-
ability for the 10-mm-wide film did not agree with theory.
To account for this discrepancy the magnetic domain
structure of the striped films was observed using bitter
method. The results are shown in Fig. 6. Figure 6~a! shows
the domain photograph of 20 mm-wide film, Fig. 6~b! the
10-mm-wide film, respectively. In Fig. 6~a! adjacent domains
differ by 180° in the middle of the film and near the edge the
structure close the flux paths. Therefore the film has a direc-
tion of easy magnetization parallel to the longitudinal axis.
In Fig. 6~b! triangular domains were observed and the direc-
tion of the easy magnetization was not along the longitudinal
axis. Therefore the spectrum of 20-mm-wide film is the hard
axis permeability and that of 10-mm-wide film is not hard
axis permeability. In Figs. 5 and 6 a reasonable relation be-
tween permeability spectrum and domain observations can
be demonstrated.
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